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Abstract  
Urban network planning efforts is to achieve the maximum capacity under a certain road investment. As we all know that a good 
decision can save cost and increase the capacity of the total network. In our previous study, a new computational model of urban 
spatial evolution has been studied, where people migrate between urban locations, balancing their tendency to explore with their 
preferential wish to join existing communities. Based on the previous results, this paper presents an urban network evolution 
model considering road investment and capacity. When a new community is generated, decision-makers will plan to investigate 
the road construction according to the important degree. Generally speaking, high investment leads to a high road level and big 
capacity. The decision’s objective is to maximum the capacity of the road. In order to achieve this goal, our model focuses on 
optimal road network, considering maximum capacity under the limited investment, and can determine which road to build and 
what level of the road. A simulation model is developed to include the topology of road evolution, the structure of road level, and 
the changes of network capacity over time. Specially, we also simulate the road network evolution with different initialization 
(with one center and two centers). On one hand, simulation results show that the high investment can bring the big capacity, and 
different structures can be gain with different initialization. On the other hand, it is also concluded that more centers can improve 
the traffic capacity of road network.  
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1. Introduction 
In a long-term perspective, urban road networks emerge and develop before reaching the current state. In 
previous study, scholars have given some methods to define the urban road networks topological properties and tried 
to analyze their possible evolutionary mechanisms (Schweitzer et al., 1997; Yamins et al., 2003; Barthélemy et al., 
2008). The analysis and modeling of the urban road evolution has been the subject of interest for a long time. Many 
researchers (Yamins et al., 2003; Xie et al., 2007, 2009) tried to explore the formulation mechanism of urban road 
networks.  
Generally speaking, the major question arises on how an urban road network performs best under given 
constraints. The aim to reach an urban road network state that is favorable for users and constructed with a feasible 
infrastructure budget. More precisely, roads investment must be considered to reach an efficient urban road network. 
In the past, few papers discussed the road network evolution considering road investment. Christaller (1933) pointed 
that the investment decisively influences the formation of traffic system in the “economic principle of traffic”. A 
good capacity is the goal of the road network evolution. In previous works, road capacity is also discussed in study 
of evolution of network (Smeed, 1967; Levinson, 2000; Boyac et al., 2010; Cai, 2012).  
In recent years, co-evolution of urban spatial and road network become interesting, David and Barthélemy 
(Levinson, 2008; Barthélemy et al., 2009) do some research to seek the relationship between land use and road 
network. Our work also does some study in the co-evolution between urban spatial and road network, it is different 
from the previous study. Our paper seeks to shed some light in the urban network evolution considering the road 
investment and capacity. We study the effect of different initialization on the urban network evolution. According 
our model, not only which road to be built can be determined, but also the level of new road can be given. 
The outline of this paper is as follows. Section 2 gives the proposed dynamic model to generate optimized 
network. This is followed by the simulation of the network evolution model and the analysis of simulation results in 
Section 3. Conclusions and future research directions are offered in Section 4. 
2. Road evolution model 
2.1. Network initialization  
A square 3600-cell land use layer is adopted for all the experiments. The initialization of road network, Relative 
neighborhood graph (Toussaint, 1980; Jaromczyk et al., 1992) is used to initialize the urban road network. Fig. 1 
demonstrate the initialization of road network, where the black points represent undeveloped area (such as parks, 
rivers and lakes, etc.), and the color points stands for the communities (dark color means that the communities have 
a high population density). The thickness and color of the line represents different road level, and red, pink, yellow, 
bright green, blue roads stand the 1, 2, 3, 4, 5 levels of roads. 
2.2. Urban road network evolution  
With the development of the city, more communities will be built (as shown in Fig. 2, points in the black circle). 
Decision-makers will investment to build the corresponding roads. Which roads should be built and what levels of 
those roads is very crucial. This section we will give a methods to solve this problem.  
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(a)                                                                            (b) 
Fig. 1. (a) Network initialization with one center; (b) Network initialization with two centers. The X-Y axes correspond to the 
spatial coordination of various communities on the grid lattice 
 
 
Fig. 2. Illustration of new communities (Circle is the new community) 
 
As shown in Fig. 3, the points ,  ,  A B C , within the neighborhood of N ,  may be linked to the point N .The 
road lengths are NA NB NCL L L   (Note that the unit is km in this paper), we try to find the best road which has 
the biggest capacity within  the certain investment.  
 
 
Fig. 3. Illustration of representation of road build 
This capacity of k -th road with m -level is describe as (Zhan et al., 2008): 
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where {1,2, ,5}m is the index of  road level, mu  and mv  are the capacity of unit distance and average velocity  
under  the  m -level road respectively. 
k
mL  denotes the distance of  k -th road with m -level, such 
as ,  ,  NA NB NCL L L  as shown in Fig.3.  Therefore, the capacity of total network can be calculate by: 
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where TK  is  the number of all roads in the road network.  
Assume that N  is a new community and it has NK  neighbors. Then, the problem denotes as:  
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We use the I as the road investment (which will be given by the decision-makers according to the actual 
situation), we use 5 5min( )kI L E M    as the investment, where 5E  is defined as the cost of one unit distance 
under 5-level road, 5 5min( )kL E denotes the lowest cost, M is the extra cost according to the importance of the 
new road, mE  denotes the road cost of unit distance. Formulation (3) gives a method which can find a best road and 
optimal road level under the given investment. 
3. Results and analysis 
In this section, we implement the simulation model and visualize the results. Specifically, roads are classified into 
five levels, with different levels of roads displayed with different colors and thickness. 
 
Table 1. Parameters and their specified values 
Level Average velocity mv  (km/h) Capacity mu  (pcu / d) Cost mE  (millions / km)  
1 120 25000 4000 
2 100 15000 1500 
3 80 3000 250 
4 60 1000 60 
5 40 200 35 
 
Table 1 lists parameters and their values for experiments. The values are experience value in actual transportation. 
All the experiments disclose the dynamic process using the previous models. To illustrate the dynamics of 
network topologies in simulation, the test networks of iteration=5, 10, 15, 20 are respectively displayed in Fig. 4 and 
Fig. 5. As we can observe that the network topology will eventually evolves over iterations. More and more 
communities are added into the urban system, and the corresponding roads are added. Different investment lead to 
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different level roads: the investment is bigger, the level of road is higher. On the other hand, different initializations 
of road network lead to the different structures.  
 
 
(a)                                                                      (b)  
     
(c)                                                                          (d)  
Fig. 4. Simulated network topology with one center over iterations: (a) 100M  , 5Iteration ; (b) 100M  , 
10Iteration  ; (c) 100M  , 15Iteration  ; (d) 100M  , 20Iteration  . 
 
Fig. 6 displays the capacity of the total network with different M . As can be seen from Fig. 6 (a) - (b), on one 
hand, the capacity increases with the evolution of the network, on the other hand, the big capacity is based on the 
high investment ( M reflects the investment indirectly). All of the values in Fig. 6 (a) are smaller than Fig. 6 (b), it 
implies that multicenter can improve the traffic capacity of road network. 
 
256   Fangxia Zhao et al. /  Procedia - Social and Behavioral Sciences  138 ( 2014 )  251 – 258 
 
(a)                                                                        (b)  
 
(c)                                                                         (d)  
Fig. 5. Simulated network topology with two center over iterations: (a) 100M  , 5Iteration ; (b) 100M  , 
10Iteration  ; (c) 100M  , 15Iteration  ; (d) 100M  , 20Iteration  . 
 
 
(a)                                                        (b) 
Fig. 6. (a) The capacity of the total network with one center; (b) The capacity of the total network with two centers 
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4. Conclusions 
The major work in this paper is a road evolution model considering investment and capacity. The road evolution 
model uses a maximum capacity under a certain road investment to decide where new roads and which level are 
needed. In this paper, the effect of different initialization on the urban network evolution is studied. According our 
road evolution model, the problems of which road to be built and what level of the road can be solved. We also 
show the capacity of the whole road network with different centers. 
The model is very simplified, and some factors are not taken into account. The effects of these simplifications are 
hard to predict without an implementation of the model that procures quantitatively useful data.  
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